gists for recording the characteristics of bacterial cultures. Recent literature, however, indicates that some confusion exists as to the purpose of this chart. This confusion was well illustrated at the 1917 meeting of the Society, the discussion called forth by the report of this committee showing that a number of bacteriologists have ideas as to the object of the chart different from those held by the present members of the committee. The confusion is natural, for each change in the membership of the committee has caused the chart to develop along slightly new lines; and even the early members of the committee have gradually changed their ideas as the result of later experience. It seems desirable, therefore, to restate the purpose of the descriptive chart.
The first bacteriologists to devise descriptive charts did so on individual initiative and apparently had in mind merely the concise description of their cultures preliin ary to publication. An examination of the cards of Gage and of H. W. Conn' suggests that nothing further than this was expected of these two charts. Later, however, it was felt that uniformity in the cards used by This seems to imply that the chief objects intended to be served by the chart are first to secure uniformity in published descriptions and second to facilitate the grouping of bacteria according to their characteristics. Recent literature, however, reveals the existence of an idea not expressed in this report: namely, that the group number on this official card furnishes a more satisfactory method of characterizing an organism than its identification with a specific name occurring in the literature. The idea probably had its origin in the form of group number introduced with the Society card. Gage and Conn had both used a group number, but their group number consisted merely of four digits which could have suggested to no one that it constituted a complete description of a species. The Society group number, however, was simplified by leaving off those digits that indicated form and motility, replacing them with the genus symbol (according to Migula), which was placed before the series of digits. That this use of the genus symbol was not considered by the first committee to convert the group number into a method of characterising species is shown by the following statement which they made in regard to the group number:
METHODS OF PURE CULTURE STUDY
The only hint in this report that the group number might replace a specific name occurs a little later when the statement is made that according to this method of expression "Bacillus coli (Escherich) Migula becomes B.212.33310." This statement suggests to the reader, especially if that reader be a beginning student in bacteriology, that the string of digits 212.33310 is equivalent to the specific term coli. It naturally led to the impression on the part of the part of certain younger bacteriologists that the group number is nearly all-sufficient in describing a new species.
This point of view was strengthened by a paper from a member of this committee (Harding, 1910) on Ps. campestris, showing this organism apparently to have a constant group number. This work did not show that no other organism has the same group number, nor that all other organisms are so constant in physiological characteristics as is this particular species, nor indeed that this organism would have given such constant results if the technic had been varied; but there has been some tendency on the part of other bacteriologists to read into the paper a conclusion of this nature. The statement has even been made in one recent paper that the group number obviates the necessity of bacterial names.
On the other hand, various investigators, using other species of bacteria, have one by one criticised every point in the group number except that which refers to spore-production, showing that the same culture may give different results each time the tests are repeated. Futher criticisms have arisen from the biometric studies of bacteria, such variations having been observed among the different strains of a single species that no characterization of a species can be considered valid until the mean is determined around which the different strains vary.
These criticisms have sometimes been met by the statement that if the technic were sufficiently perfected and standardized, each strain would always prove to have the same group number, even though that group number might not express the characteristics of the species under all other possible conditions. An objection to this argument has been pointed out by Breed (1914) in his work on the nitrate reduction of B. coli. He shows that the use of a standard medium, instead of distinguishing sharply between organisms with positive reactions and those with negative reactions, is likely to bring about variable results for those which grow poorly in the medium adopted. Recent work of the committee, moreover, shows very plainly that (in regard to nitrate reduction and acid production at least) no standard medium can be adopted which will give consistent results with all kinds of bacteria.
In brief, then, it may be said that the descriptive chart provides a uniform and concise method of recording nearly all of the ordinary and some of the unusual observations concerning the morphology and activities of an organism. Of the many characteristics listed on the chart, about a dozen were selected by former members of the committee as being the most important and were collected into a numerical expression called the group number. This group nnumber is merely an abbreviated method of recording these characteristics, and must not be regarded as a sole means of characterizing species. Its value as a means of characterizing cultures, or strains, or species depends not only upon the wisdom with which these particular reactions have been selected but also upon the accuracy with which each individual characteristic can be determined. In both of these respects any group number proposed at present would necessarily be imperfect: first, because the diagnostic importance of the various characteristics differs among different groups of bacteria; and secondly because the methods for making the determinations have never been perfected and the results are correspondingly inaccurate. The problems of the committee, therefore, include the selection of the characteristics of greatest diagnostic value and the elaboration of methods which shall minimize mistakes. The committee is now studying the methods for working out the old group number; but, as a more permanent improvement, a new group number is being planned, less arbitrary and more logical than the one now on the card.
In addition to these weaknesses arising from our imperfect knowledge of bacterial activities and the methods of deterrmin-ing them, the card has not been revised frequently enough to contain the more recently devised tests for special groups of bacteria. Hence it is coming to be less and less used as a means of publishing descriptions of bacteria. In other words, it no longer helps to secure uniformity in bacterial characterization, the purpose for which it was originally intended. Meanwhile instructors in bacteriology have realized the advantages of some such method of concise description in familiarizing students with the characteristics of bacteria. Some have used the official descriptive chart; but this chart was never intended for instruction purposes and is not designed to be put in the hands of beginning students. As a result other instructors have prepared descriptive charts of their own. Each of these charts has its own advantages and is undoubtedly better adapted to instruction than the old Society card; but for obvious reasons it would be better if a uniform style of chart were used in all institutions. The present committee, therefore, was instructed to prepare a chart especially adapted to use in bacteriological instruction: A new folder was prepared in response to these instructions and was presented at the 1917 meeting. It is now in print and is available to any teacher who wishes to try it out in his classes.
As the descriptive chart is now chiefly used for instructional purposes, it seems wisest to emphasize this use of it; but the committee does not wish to imply that an improved form of chart would be of no use in research work. The society card, indeed, has proved well adapted to certain types of research work in which a general survey is desired of the bacterial flora of some particular medium, prelimIinary to a later, more intensive, study of the individual species.2 For some of this work the newer chart, although intended primarily for instruction, may prove more useful than the old form; but the old card is still available for use in this type of work whenever it is desired. Better still, for this purpose, would be a new card more nearly in accord with modern methods of characterizing bacteria, and specially adapted to research work. The committee hopes to prepare such a card in the future; but before that is done more attention must be given to the value of the various characteristics and to the methods of determining them.
The 1917 report of this committee (Conn. et al. 1918) Another equally serious source of error is the fact that many bacteria may cause two simultaneous biochemical activities, one tending to raise the reaction, the other to lower it. The resultant change in reaction depends upon which of these two processes predominates, and the production of acid may often be entirely masked by the opposite tendency. This may often be the cause of variation in the results obtained upon repetition of the test with the same culture; and it may even cause an acid-producer to escape recognition entirely.
Error may also arise from impurities in the sugars used. Glucose is very often present as an impurity in other sugars, especially in those which are difficult to purify, but has also been observed in samples of sucrose and lactose. The presence of glucose can be detected by growing in it a known glucose fermenter that does not attack the sugar in question. This test should be made in all accurate work.
Media recommended On account of these difficulties, it proves impossible to recommend any one standard medium. The formulae recommended (J. Bact., 3, 115, 116) are merely for routine use when the growth requirements of an organism are not known. If the organism grows poorly in these media, the results of the test are to be disregarded.
In connection with preliminary invigoration, the committee has already recommended (J. Bact. 3, 118) dividing the organisms into four series according to their preference for 370 or 250, and for liquid or for solid media. It is now further recommended that all organisms of series III and IV (i.e., growing well on the surface of agar but not in glucose broth) be tested for acid production by inoculating onto the surface of beef-extract agar (instead of broth) containing the carbonaceous substance to be tested. Bacteria not growing well in glucose broth or in beef extract agar must be tested in some medium in which they do make good growth. For them is recommended varying first the peptone content and then the acidity of the medium. The medium to which the sugar, glycerine or other substance is added should differ as little as possible from these standard media.
Methods of detecting acid production For the reasons above discussed acid production should not be detected by means of titration. An indicator should be used whose range of color change covers the initial reaction of the medium used or else is slightly to the acid side of the initial reaction. (Thus brom cresol purple, with the range of PH = 5.2 to P. = 6.8 is the most satisfactory indicator to use with media of initial reaction of PH = 7.0) Litmus can be used, but the results obtained with it are not sufficiently clear cut.
Indicator media are especially valuable now that we have indicators which are not attacked by bacteria, with turning points at the useful part of the PH-scale. Litmus and methyl red are of but little use for this purpose because they are decolorized by bacteria; but the sulphone-phthalein indicators are not acted upon by bacteria and are just as satisfactory when mixed with the media before inoculation as afterward. The addition of the minute quantities of these indicators necessary does not ordinarily influence the growth of the bacteria, and in most cases its influence can be disregarded.
The use of saccharine broth or agar containing brom cresol purple gives very clear indication as to acid production from the sugar present, unless the organism produces alkalinity from the peptone. This possibility should always be investigated by the use of some indicator with a more alkaline range, such as phenol red or cresol red. In case alkalinity is produced in the broth or agar without the sugar, it must be recognized that the production of acid may not raise the H-ion concentration of the medium above its original reaction. Theoretically the only way to be sure of acid production in such cases is to use some medium in which the organism grows well without producing alkalinity; but as such a medium is ordinarily difficult or impossible to obtain, this procedure is generally out of the question. The method recommended is to use a non-saccharine broth or agar as a check, both saccharine and non-saccharine media containing those indicators whose ranges cover the PH changes likely to occur, and to pronounce the. organism an acid-producer provided the H-ion concentration is greater in the presence of the sugar than it is in its absence. A very handy combination of indicators for this test is a mixture of brom cresol purple and cresol red. They may both be added to the same medium, giving a solution that changes very slowly from purple to yellow through a long range (from about PH = 8.0 to about P. = 5.0) extending to a considerable distance on both sides of neutrality. The exact amount of indicator used in the medium is not important as long as the color obtained is distinct. A convenient strength has been found to be 1 cc. of a 1.6 per cent alcoholic solution to the litre of medium. When brom cresol purple and cresol red are mixed, neither indicator need to be used in quite such great concentration. 
Relation of H-ion concentration to acidity
The above discussion will be readily intelligible to any reader who has an understanding of H-ion concentration and of the meaning of the symbol PH. There would, indeed, be no point in discussing this subject further, if the research worker alone were concerned, because Clark and Lub's recent paper (1917) is readily available and treats the subject as fully and adequately as could be desired The new chart, however, is intended primarily for instruction and it is felt that teachers may desire a brief discussion of hydrogen-ion concentration for class-room or reference use. As there is at present no bacteriological textbook, so far as the committee know, that discusses the relation of acidity and reaction of media to H-ion concentration, and as copies of this report can be obtained from the secretary of the Society at about cost price, it seems well to summarize the subject here. Nothing new, however, is added in the following pages to what previous writers have said.
What is hydrogen-ion concentration?
The concentration of hydrogen-ions in a solution is used as a measure of acidity and alkalinity on the basis of the ionic theory. According to this theory, every salt, acid, or base, in aqueous solution, breaks up to some extent into "ions." Even pure water (H20) dissociates to a very small extent into H-ions and OH-ions. The H-ions bear a positive electric charge, the OHions a negative charge. Free H-ions are acid, free OH-ions are basic. In pure water both are present in equal amounts, thus neutralizing each other. Acids and bases dissociate to a much larger extent than pure water, the amount of dissociation depending ordinarily upon their strength. An acid dissociates into positive H-ions and negative ions consisting of the acid radicle. A base dissociates into positive metal ions and into negative hydroxyl (OH) ions.
The stronger acids (sulphuric and nitric, for instance) ionize to a greater extent than the weaker (acetic, for instance, and other organic acids). The more completely an acid ionizes in JOURNAL OF BACTERIOLOGY, VOL. iv, No. 2 solution, the greater the H-ion concentration of that solution. Therefore if different acids are dissolved in the same ratio of acid to water the H-ion concentration is an index of the strength of the acid. Similarly if different bases are dissolved in water in the same proportions, the OH-concentration is an index of the strength of the base.
If to a quantity of pure water (containing H and OH-ions) a drop of sulphuric acid be added, the mixture will contain H-ions, OH-ions and SO4-4ons. The number of free H-ions will be greatly increased because of the large number added in the drop of acid; but the number of hydroxyl ions will be decreased, because the change in ionic equilibrium will cause many of them to combine with free H-ons to form water. In other words, the H-ion concentration will be increased, the OH-ion concentration decreased. If, further, a larger quantity of the acid be added, the H-ion concentration will be still further increased, the OH-ion concentration still further decreased. It is evident, therefore, that H-ion increases and OH-ion concentration decreases as the acidity increases. Either may be used as an index of acid reaction; but H-ion concentration is preferred because it increases with increasing acidity.
When an acid is mixed with water containing other materials in solution, the matter is more complex. Various combinations are possible between the acid and the other materials in solution which prevent the H-ion concentration from being increased as much as it would have been if the same amount of acid had been added to pure water. Materials which -thus repress the H-ion concentration of a solution are called "buffers." Organic matter in solution is especially likely to exert a buffer action. When buffers are present, the H-ion concentration of any solution will obviously be lower than it would have been with the same amount of acid added if no buffers were in solution. The actual reaction of such a solution is also lower, for only the ionized portion of an acid exhibits acid properties. The H-ion concentration, therefore, is a more correct index of the acid or alkaline reaction in a case like this than is the quantity of acid added.
When a base is added to water or to a neutral solution, the relation is exactly the reverse. The concentration of OH-ions is increased, that of H-ions is decreased. Either may be used as an index of alkalinity in terms of the ionic theory; but* H-ion concentration is ordinarily used for the sake of uniformity. Hydrogen-ion concentration is inversely proportional to the dissociation of the base and therefore to the true alkaline reaction of the solution. Obviously a saturated solution of a strong base such as KOH has an exceedingly small H-ion concentration, but it is nevertheless measurable.
What is meant by PH?
After deciding to use H-ion concentration as a measure of reaction the first necessity is to obtain some simple and concise method of expression. For In interpreting PH-values it must be remembered that adding 1 to the logarithm of a number is equivalent to multiplying the number itself by 10. For example, log 3 (i.e., 1000) = 10 X log 2 (i.e., 100). Similarly, to use an illustration that more nearly concerns us here, log -6 (i.e., 0.000,001) = 10 X log -7 (i.e., 0.000,000,1). In othei words, a solution with a PH-value of 6 has ten times the H-ion concentration of pure water (PH = 7); and one with a PH-value of 5 has ten times the H-ion concentration of a solution with a PH-value of 6, or 100 times the H-ion concentration of pure water. Thus by a simple calculation it is possible to compute the relation between the H-ion concentrations of two solutions provided the difference in PH-value is an integer. In case the difference in PH-value is composed of an integer and a decimal, the relation may be learned by finding the number of which the decimal is the logarithm and giving it one more place to the left of the decimal point than there axe units in the integer. An There are two different methods by which the H-ion concentration of a solution may be determined: the electrolytic method and the colorimetric method. The electrolytic method is generally the more accurate, and is applicable to a greater variety of solutions; but it is time-consuming and requires quite complicated apparatus. The colorimetric method is much simpler, is accurate enough for all bacteriological work and can be applied easily to any ordinary bacteriological culture medium.
The electrolytic method. The electrolytic measurement of H-ion concentration depends upon the fact that when a metal is in contact with an aqueous solution containing'dissociated ions of that metal, there is an electromotive force set up between the metal and the solution, which varies according to the concentration of the ions of this metal in the solution. This electromotive force can be measured, and by means of the proper formula, the ionic concentration of this metal in the solution can be determined. Hydrogen acts like a metal in this respect when brought into electrolytic contact with an aqueous solution: This is accomplished by immersing a platinum electrode (platinum foil, coated with platinum black) in the solution and allowing a constant stream of hydrogen to bubble over the platinum. Because of the affinity of platinum for hydrogen, it takes up enough of the gas to act as a hydrogen electrode. The electromotive force established between this electrode and any aqueous solution with which it is in contact is inversely proportional to the H-ion exponent (i.e., PH) of that solution.
The methods of measuring this electromotive force are quite complicated and are not adapted to the average bacteriological laboratory. All the average bacteriologist needs to know is that with the proper apparatus it can be measured and that the hydrogen ion exponent can be directly determined from it.
The colorimetric method. The colorimetric measurement of H-ion concentration depends upon color changes produced in certain substances (indicators) by varying acidity. Each indicator changes from one color to another between quite narrow limits of H-ion concentration, and between these two limits every shade of the indicator corresponds to a definite PH value. The best known indicators to the bacteriologist are litmus and phenolphthalein. Of these, litmus has little value in accurate H-ion measurements, partly because it is not a definite chemical compound, and partly because azolitmin, its chief component (even though chemically pure), varies so much in its color reactions according to the material present in the solution that little accuracy can be obtained with it, Phenolphthalein, on the other hand, gives very accurate results within the PH-limits between which its color changes takes place; but this range (PH = 8.0 to PH = 9.6) is considerably to the alkaline side of neutrality; Bacteriological work, however, has special need of H-ion determinations near neutrality and in acid solutions. In passing, it is of interest to notice that bacteriologists, in an empirical way, have realized for some tirme that the phenolphthalein color changes takes place in alkaline solutions. It has been found that bacteria grow better in solutions that are slightly acid to phenolphthalein, and it has lately become customary in this country to adjust media to 1 per cent normal acid to phenolphthalein. Bacteriological media have ordinarily contained Witte's peptone; and in 1 per cent solutions of this peptone, the above titre corresponds closely to the H-ion concentration of pure water (PH = 7.0). This is not necessarily true of other peptones or of other media; but bacteriologists who have used peptone Witte have for some time adjusted their media practically to true neutrality.
The relation of different indicators to various points in the PH-scale was studied by S6rensen as well as by others who have followed him. Most recently Clark and Lubs have furnished us (1917) with a beautiful series of accurate indicators whose sensitive ranges meet or even overlap and extend from PH = 1 to PH = 10. The relation of these indicators to H-ion concentration is shown in figure 1 and table 1. Of special interest to bacteriologists are the three indicators nearest to PH = 7.0, i.e., brom cresol purple, brom thymol blue, and phenol red. Of these brom thymol blue is most useful in adjusting the reaction of media to neutrality, because it is yellow in acid solutions and blue in -basic solutions, passing through various stages of green between the points PH = 6.0 and PH = 7.6. At PH = 7.0 it is grass-green, a shade that can be easily recognized by the eye after a little practice. As a result it is possible to obtain media that are essentially neutral, no matter what their composition may be, merely by adding sufficient acid or base so that brom thymol blue becomes grass-green when added to them.
It is plain that a rough idea can be obtained as to the H-ion concentration of any solution by simply finding which indicators give their acid color in it and which give their alkaline Clark and Lubs (1917, p. 26) . The difficulty of preparing such standard solutions of known H-ion concentration in the ordinary bacteriological laboratory has led Barnett and Chapman (1918) to devise a series of color standards that do not require accurate chemical adjustments. The standards that they propose are for phenol red, but they state that the method may be used for other indicators. Their method is to prepare two series of tubes, one series containing a the quantity in the two tubes of the standard. The standard contains more indicator in the acid or in the alkaline tube respectively according to whether the pair of tubes is to represent the acid or the alkaline end of the range of the indicator.
Barnett and Chapman give the PH-values corresponding to these successive pairs of tubes (using phenol red as indicator) as 6.9, 7.2. 7.5, 7.7, 7.9, and 8.1, respectively. Tested by a member of this committee they were found to correspond respectively to the PH-values 7. 1, 7.3, 7.5, 7.7, 7.8, and 7.9 . Evidently the variation in the hands of different men is slight, probably less than in making up standard solutions of known H-ion concentration in the ordinary bacteriological laboratory. Such standards can be very quickly prepared even by a beginning student, and their use is therefore highly to be recommended.
The same method can be applied to brom thymol blue, thus covering a range more useful to some bacteriologists. The six pairs of brom thymol blue standards, prepared as given in table 2, correspond (as tested by a member of this committee) to the PH-values 6.2, 6.4, 6.7, 6.9, 7.1, and 7.3, respectively. These two indicators together thus furnish standards covering the range from P. = 6.2 to P. = 8.0 with dupilication at 7.1 and 7.3.
Why the titration method is illogical
The conventional method of adjusting the reaction of media or of determining the amount of acid produced by cultures depends upon titration to phenolphthalein. A computation is made of the per cent of normal alkali necessary to neutralize the solution, and the acidity is stated as equivalent to this per cent of normal acid. The assumption upon which this procedure is based is that the reaction of the solution is measured by the amount of base necessary to neutralize. This assumption is incorrect. Ten cc. of N/10 HCl and 10 cc. of N/10 acetic acid each require 10 cc. of N/10 NaOH to be neutralized, but the HCl is much more acid than the acetic acid.
In bacteriological media, moreover, there are nearly always present certain materials which have a buffer effect. Although the amount of acid produced by an organism. The colorimetric method of determining H-ion concentration is more logical, is of more significance, and is really more simple after the principles of the technic are once learned. 
